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Informal Peer Interaction and Practice Type as Predictors of Physician
Performance on Maintenance of Certification Examinations
Abstract
Importance Physicians can demonstrate mastery of the knowledge that supports continued clinical
competence by passing a maintenance of certification examination (MOCEX). Performance depends on
professional learning and development, which may be enhanced by informal routine interactions with
colleagues. Some physicians, such as those in solo practice, may have less opportunity for peer
interaction, thus negatively influencing their examination performance.
Objective To determine the relationship among level of peer interaction, group and solo practice, and
MOCEX performance.
Design, Setting, and Participants Longitudinal cohort study of 568 surgeons taking the 2008 MOCEX.
Survey responses reporting the level of physicians’ peer interactions and their practice type were related
to MOCEX scores, controlling for initial qualifying examination scores, practice type, and personal
characteristics.
Exposures Solo practice and amount of peer interaction.
Main Outcomes and Measures Scores on the MOCEX and pass-fail status.
Results Of the 568 surgeons in the study sample, 557 (98.1%) passed the examination. Higher levels of
peer interaction were associated with a higher score (β = 0.91 [95% CI, 0.31-1.52]) and higher likelihood of
passing the examination (odds ratio, 2.58 [1.08-6.16]). Physicians in solo (vs group) practice had fewer
peer interactions (β = −0.49 [95% CI, −0.64 to −0.33), received lower scores (β = −1.82 [−2.94 to −0.82]),
and were less likely to pass the examination (odds ratio, 0.22 [0.06-0.77]). Level of peer interaction
moderated the relationship between solo practice and MOCEX score; solo practitioners with high levels of
peer interaction achieved an MOCEX performance on a par with that of group practitioners.
Conclusions and Relevance Physicians in solo practice had poorer MOCEX performance. However, solo
practitioners who reported high levels of peer interaction performed as well as those in group practice.
Peer interaction is important for professional learning and quality of care.

Disciplines
Management Sciences and Quantitative Methods

This journal article is available at ScholarlyCommons: https://repository.upenn.edu/mgmt_papers/215

Research

Original Investigation

Informal Peer Interaction and Practice Type as Predictors
of Physician Performance on Maintenance
of Certification Examinations
Melissa A. Valentine, PhD; Sigal Barsade, PhD; Amy C. Edmondson, PhD; Amit Gal, MA, MsC; Robert Rhodes, MD

IMPORTANCE Physicians can demonstrate mastery of the knowledge that supports continued
clinical competence by passing a maintenance of certification examination (MOCEX).
Performance depends on professional learning and development, which may be enhanced by
informal routine interactions with colleagues. Some physicians, such as those in solo practice,
may have less opportunity for peer interaction, thus negatively influencing their examination
performance.
OBJECTIVE To determine the relationship among level of peer interaction, group and solo

practice, and MOCEX performance.
DESIGN, SETTING, AND PARTICIPANTS Longitudinal cohort study of 568 surgeons taking the

2008 MOCEX. Survey responses reporting the level of physicians’ peer interactions and their
practice type were related to MOCEX scores, controlling for initial qualifying examination
scores, practice type, and personal characteristics.
EXPOSURES Solo practice and amount of peer interaction.
MAIN OUTCOMES AND MEASURES Scores on the MOCEX and pass-fail status.
RESULTS Of the 568 surgeons in the study sample, 557 (98.1%) passed the examination.

Higher levels of peer interaction were associated with a higher score (β = 0.91 [95% CI,
0.31-1.52]) and higher likelihood of passing the examination (odds ratio, 2.58 [1.08-6.16]).
Physicians in solo (vs group) practice had fewer peer interactions (β = −0.49 [95% CI, −0.64
to −0.33), received lower scores (β = −1.82 [−2.94 to −0.82]), and were less likely to pass the
examination (odds ratio, 0.22 [0.06-0.77]). Level of peer interaction moderated the
relationship between solo practice and MOCEX score; solo practitioners with high levels of
peer interaction achieved an MOCEX performance on a par with that of group practitioners.
CONCLUSIONS AND RELEVANCE Physicians in solo practice had poorer MOCEX performance.
However, solo practitioners who reported high levels of peer interaction performed as well as
those in group practice. Peer interaction is important for professional learning and quality
of care.
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edical specialty boards have implemented comprehensive assessment systems for ensuring the continued clinical competence of practicing physicians. The American Board of Surgery (ABS) along with other
specialty boards members of the American Board of Medical
Specialties use a maintenance of certification (MOC) process
to assess physicians’ medical knowledge and patient care–
related competencies. Certification and recertification are critical processes for ensuring continued professional knowledge
and skill.1 Member board certification by the American Board
of Medical Specialties is associated with better quality of care,2-4
better patient outcomes,5-8 and fewer disciplinary actions
against the physician.9-11 The MOC is also associated with better-quality care12,13; in fact, compliance with standard practices declines as a function of time elapsed since the last recertification examination.14 The MOC is thus an important
system for encouraging lifelong learning by the physician and
for promoting the provision of high-quality care.
Performance on the MOC examination (MOCEX) is a measure of physicians’ ongoing professional learning and development. Professional learning includes deliberative study and
training (eg, continuing medical education [CME] courses),15,16
but research has also demonstrated the considerable value of
informal or implicit learning, for example learning through
experience17,18 or learning through social interaction.19-21
In many professions such as teaching,22,23 law,24,25 and business,26-28 interactions with peer professionals play an important part in professional learning. Peer interactions may be particularly important for physicians. Physicians frequently seek
clinical information from colleagues rather than journals or
databases.29-31 Interaction with peers improves physicians’
awareness of current evidence, spreads expertise that can be
applied to future cases, and increases confidence in the appropriateness of an approach for an individual patient.32,33
Through discussions and interactions with peers, specialized
knowledge is meaningfully integrated and internalized.23 This
process is true even for the ordinary daily interactions that occur within communities of practice.22
Some physicians may have limited opportunity for interaction with peers. Physicians in solo practice may be at risk for
limited peer interaction, and given the importance of peer interaction for professional learning, this consequence of solo
practice may partly explain lower MOCEX performance among
solo practitioners.34 We therefore examined the relationship
among the level of informal routine peer interaction, solo practice, and MOCEX performance.

Methods
Context
The ABS uses an MOCEX to assess ongoing medical knowledge and patient-care competencies. The MOCEX consists of
approximately 200 single-best-answer questions that comprehensively test general surgical knowledge and is part of a
comprehensive framework designed to evaluate physicians
across the 6 core competencies proposed by the Accreditation Council for Graduate Medical Education and endorsed by
E2

the American Board of Medical Specialties.35 Surgeons pass an
MOCEX at 10-year intervals to maintain certification and in
many cases to maintain hospital credentials and privileges.36
The success rate during the period since the ABS MOCEX was
first administered in 1980 has ranged from 90% to 95%.34

Design and Population
We surveyed the cohort of general surgeons who took the
ABS MOCEX in 2008. Each surgeon was given the opportunity to participate in a survey at the time that they registered for the examination (to minimize any response bias
from future poor examination performance). We also
obtained demographic and other background information at
the time of registration. We used the actual forms with
which physicians register for the examination and earn
recertification, so variables from these registration forms
are highly accurate. We linked the survey responses and
background data with surgeons’ initial qualifying examination scores and 2008 MOCEX scores.
In 2008, 1632 surgeons took the MOCEX. Of those, 623
(38.2%) consented to participate in the survey, and we had full
demographic data, survey data, initial qualifying examination performance data, and MOCEX recertification performance data for 568 (91.2%). Our study sample consisted of the
568 surgeons for whom we had complete data and who gave
written informed consent. This study was approved by the institutional review board of the University of Pennsylvania.

Measures
Dependent Variables
We examined 2 dependent variables. The first dependent variable was the 2008 MOCEX score for each surgeon. The examination score was the quotient of the number of items correctly answered divided by the total number of items multiplied
by 100, which gave a value from 0 to 100. The second dependent variable was the dichotomous pass-fail examination result, determined by the ABS using an equating method that accounts for the difficulty of the examination and the ability of
the cohort. The cutoff point for failing the examination in 2008
was a score of 65.
Independent Variables
We used 2 main independent variables and calculated an interaction term combining them. The first independent variable was a dichotomous variable indicating whether the surgeon was in solo practice or not. This variable was created using
information from the 2008 MOCEX application forms. The second independent variable was the level of informal routine peer
interactions with medical colleagues measured via a selfreported scale completed by the study participants. Scale development followed standard practices for survey research. We
developed a conceptual framework using interviews with content experts and existing research on peer interaction and professional learning and determined that no existing survey scale
directly assessed the construct of interest.37-39 Scale items were
developed through an iterative process through examining the
scholarly literature and learning from experts and consisted
of the following questions:
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1. “On average, how frequently do you speak with other medical doctors about medical matters?”
2. “How many MD colleagues did you interact with last week
about a medical matter?”
3. “How many MD colleagues did you interact with last week
about any issue (including socializing)?”
We tested the survey scale for reliability using the Cronbach
α, a measure that examines the degree to which items within
a scale capture the same latent construct.40 The value for the
Cronbach α was 0.75, considered an acceptable reliability for
surveys.41,42 We also tested the survey scale for construct validity using factor analysis to determine that the items in the
scale varied together. The factor loadings for the items were
all greater than 0.4, which is generally accepted as evidence
that the items are assessing the same latent construct.

Original Investigation Research

Table 1. Characteristics of the Study Sample
No. (%)
(n = 568)

Characteristic
Practice type
Solo

163 (28.7)

Group

405 (71.3)

Practice location
Rural

96 (16.9)

Urban

472 (83.1)

Age, y
<55

277 (48.8)

≥55

291 (51.2)

Medical school
United States

497 (87.5)

Non–United States

Control Variables
We used several control variables that could account for systematic differences between surgeons who chose solo vs group
practice. The first control variable was each surgeon’s score
(range, 0-100) on the initial ABS qualifying examination, taken
immediately after the completion of residency. This value provides a rigorous control for baseline differences in test-taking
abilities, human capital, and the demographic variables highly
correlated with these. The second control variable was the percentage of surgeons (0%-100%) within each surgeon’s residency program who passed the initial qualifying examination from 1975 to 2000; this commonly used control variable
captures the quality of the residency program of each surgeon. The third control variable was the number of years that
had passed since the qualifying examination (this value was
correlated at 0.97 with the number of times the respondent had
taken a recertification examination). The fourth control variable was the number of hours that a physician had spent in CME
in the prior 2 years. The final control variable was the current
practice area for each surgeon (clinical or nonclinical).

Statistical Analysis
We used standard descriptive summary statistics to characterize the sample. Differences in examination score and passfail status by solo practice and level of peer interaction were
evaluated using χ2 tests, as was the difference in the level of
peer interaction by practice type. To illustrate relationships of
interest, we divided respondents into 3 equal groups reporting low, medium, or high levels of peer interaction. The analyses were conducted using the continuous variable; the divided categories were used only to construct the Figures. We
estimated the effect of solo practice and level of peer interaction on MOCEX performance using ordinary least squares multivariate regression and logistic regression models. We compared models based on the variance explained. The key variable
in explaining variance on the MOCEX score was the initial qualifying examination score, suggesting this is a rigorous control
for innate human capital. In addition to including this robust
control variable, we also conducted a sensitivity analysis controlling for many known correlates of solo practice, such as age
and graduation from a non-US medical school, and for personal characteristics of the respondents, such as personality,
jamasurgery.com

71 (12.5)

Birthplace
United States

469 (82.6)

Other

99 (17.4)

job satisfaction, and career engagement. Last, the moderating role of peer interaction on solo practice and examination
performance was determined by entering the interaction term
into the regression models; this relationship was also graphed.
Statistical analysis was performed using commercially available software (STATA, version 12.1; StataCorp). Tests were 2
sided, and P < .05 was considered statistically significant.

Results
Table 1 reports the characteristics of the sample. The 568 surgeons in our study sample were primarily in group practice
(71.3%) and worked in a nonrural setting (83.1%). Most of the
respondents were born in the United States (82.6%) and attended a US medical school (87.5%). Almost half of the study
sample was younger than 55 years; 12.8% of the respondents
were women.
The demographic makeup of the study sample was similar to that of the population of general surgeons in the United
States during the comparable period, that is, 79% of US general surgeons were in group practice in 2009,43 and 87% were
practicing in nonrural settings.44 In 2010, 83% of active surgeons had earned their medical degree from a US medical
school, approximately 54% were younger than 55 years, and
15% were female.45 (Information about the population of general surgeons was collected from publicly available data sources
that were not always complete or available for all years, so are
not always from 2008, the year of our data collection. As such,
we collected data as close to 2008 as possible.) The largest difference between our sample and the population of US general surgeons is in the number of surgeons in solo practice; this
group is overrepresented in our sample. This difference possibly resulted from newly graduated surgeons being more likely
to join group practices, whereas our sample assessed a group
of surgeons who had graduated more than 10 years earlier and
JAMA Surgery Published online May 28, 2014
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were attempting to recertify for the first time since their initial board certification.
In unadjusted bivariate relationships, solo practitioners reported lower levels of peer interaction (Figure 1). Among solo
practitioners, 43.6% reported low levels of peer interaction,
compared with 24.4% of group practitioners. In contrast, only
18.4% of solo practitioners reported high levels of peer interaction, compared with 37.3% of group practitioners. Medium
levels of interaction were similar between solo and group practitioners (31.9% and 29.6%, respectively).
Being in solo practice was associated with fewer peer interactions (β = −0.49 [95% CI, −0.64 to −0.33), lower MOCEX
scores (β = −1.82 [95% CI, −2.94 to −0.82]), and decreased odds
of passing the examination (odds ratio, 0.22 [0.06-0.77])
(Table 2). In contrast, higher levels of peer interaction predicted higher performance on the MOCEX. A 1-unit increase
on the scale assessing frequency of peer interaction was associated with a significant improvement in examination score
(β = 0.91 [95% CI, 0.31-1.52]) and significantly increased odds
of passing the examination (odds ratio, 2.58 [1.08-6.16]).
Figure 2 illustrates this pattern of relationships. For example,
surgeons with low levels of peer interaction had a mean
MOCEX score of 77.1 and a failure rate of 4.1%, compared with
a mean score of 78.9 and failure rate of 1.1% for those with medium and high levels of interaction.
Figure 1. Level of Peer Interaction by Practice Type
50
45

Solo practice

40

Group practice

Surgeons, %

35
30
25
20
15
10
5
0
Low

Medium

High

Level of Peer Interaction

Data are from Maintenance of Certification Examination registration forms and
participant surveys. Bar graphs report unadjusted bivariate relationships.

The level of peer interaction moderated the relationship
between solo practice and MOCEX performance (Table 2). The
coefficient on the interaction term between solo practice and
level of peer interaction was positive and significant for the
MOCEX score. The coefficient was not significant for odds of
passing the examination. These relationships are illustrated in
Figure 3, which shows that solo practitioners with low levels
of peer interaction had significantly lower examination scores.
Solo practitioners with high levels of peer interaction scored
on par with surgeons in group practice.
Sensitivity analyses produced the same pattern of results. We found no significant differences between respondents in solo practice and those in group practice on commonly used measures of personality, job satisfaction, or career
engagement (analyses not shown). The effect of solo practice
persisted even when controlling for demographic and personal factors (analyses not shown).

Discussion
This study of experienced surgeons’ performance on the MOCEX
demonstrated that solo practitioners were likely to have lower levels of informal routine peer interaction and worse examination
performance. Our results show that the level of peer interaction
moderated the relationship between solo practice and poor
examination performance. Solo practitioners who reported high
levels of peer interaction scored as well as physicians in group
practice. Our results suggest that interactions with peers are a critical part of professional learning and development. Physicians may
need to be connected with colleagues through formal learning
initiatives like conferences29,46 and physician professional
networks47,48 in addition to informal daily interaction.
Our cross-sectional study design limits conclusive interpretations or decisive policy recommendations. Nevertheless, our findings suggest that some surgeons are at risk for inadequate opportunities for peer interactions that can enhance
professional learning and growth. We identified a performance gap for surgeons in solo practice: mean scores of solo
practitioners were 2 percentage points lower than those of
group practitioners (77.1 vs 79.0) (Figure 2A), and 4.5% of solo
practitioners failed the examination, compared with 0.9% of
surgeons in group practice (Figure 2B). A similar performance gap was also shown in a previous study34 that did not

Table 2. Practice Type and Level of Peer Interaction Predicting MOCEX Score and Odds of Passing
MOCEX Score, β (95% CI)
Bivariatea
Solo practice
Peer interaction

Multivariateb

Years since QE

E4

Bivariatea

Multivariateb

−1.82 (−2.94 to −0.82)

−0.55 (−1.63 to 0.53) 0.22 (0.06 to 0.77)

0.58 (0.09 to 3.38)

0.91 (0.31 to 1.52)

−0.02 (−0.65 to 0.62) 2.58 (1.08 to 6.16)

1.05 (0.30 to 3.63)

Solo × peer
interaction
QE score

Odds of Passing Exam, OR (95% CI)

1.44 (0.17 to 2.72)
0.49 (0.42 to 0.56)
−0.04 (−0.11 to 0.02)

0.48 (0.40 to 0.56)

2.94 (0.47 to 18.50)
1.13 (1.03 to 1.23)

1.15 (1.03 to 1.29)

−0.04 (−0.10 to 0.02) 0.94 (0.88 to 1.02)

0.93 (0.85 to 1.01)

Program quality

0.09 (0.05 to 0.13)

0.00 (−0.40 to 0.04) 1.01 (0.97 to 1.06)

0.98 (0.93 to 1.04)

CME hours

0.37 (−0.11 to 0.86)

0.20 (−0.25 to 0.65) 1.51 (0.69 to 3.30)

1.48 (0.63 to 3.52)

Practice area, clinical −0.86 (−2.30 to 0.57)

−0.22 (−1.56 to 1.12) 0.66 (0.08 to 5.23)

1.75 (0.18 to 17.05)
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Abbreviations: CME, continuing
medical education; MOCEX,
maintenance of certification
examination; OR, odds ratio; QE,
qualifying examination.
a

Reports coefficients for regression
models with only the focal variable
included in the regression equation.

b

Reports coefficients for regression
models with all variables included in
the regression equation.
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past 20 years, CME has evolved from a traditional lecture format to a proactive and collaborative process that includes interactions among physician participants.49 The CME evolution and
related empirical evaluations have shown that medical education activities that involve learner interaction are more likely to
result in changes in practice than passive learning activities.15,16,52
Our study contributes to knowledge about physician profes-

measure peer interaction, and so our results contribute the idea
that performance differences may be a result of the more limited opportunities for surgeons in solo practice to learn through
interactions with peers.
Prior research has identified other factors that contribute to
physician learning, focusing primarily on formal learning initiatives like CME49 or academic detailing programs.50,51 During the

Figure 2. Surgeon Performance on the 2008 Maintenance of Certification Examination (MOCEX)
A

B

79.5

5.0
4.5

79.0

3.5

% of Surgeons

Mean MOCEX Score

4.0
78.5
78.0
77.5

3.0
2.5
2.0
1.5

77.0

1.0
76.5

0.5

76.0

0

Solo

Group

Solo

Practice Type

Group

Practice Type

C

D

79.5

5.0
4.5

79.0

Data are stratified by practice type
and level of peer interaction. A, Mean
2008 MOCEX scores stratified by
practice type. B, Percentage of
surgeons who failed the 2008
MOCEX by practice type. C, Mean
2008 MOCEX scores stratified by
level of peer interaction. D,
Percentage of surgeons who failed
the 2008 MOCEX by level of peer
interaction. Data were obtained from
surveys linked with actual MOCEX
performance. Bar graphs report
unadjusted bivariate relationships.
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% of Surgeons
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Figure 3. Surgeon Performance on the 2008 Maintenance of Certification Examination (MOCEX)
A

Data are stratified by practice type
and level of peer interaction. A, Mean
2008 MOCEX scores. B, Log-odds of
passing the 2008 MOCEX for a 1-unit
increase in the predictor variables.
Data were obtained from surveys and
actual MOCEX performance. Line
graphs report adjusted interaction
effect of practice type and level of
peer interaction. Log-odds are based
on the same underlying analysis as
the odds ratios reported in the text
and Table 2 but are easier to use to
visualize interactions. The odds ratio
can be computed by raising the
mathematical constant e to the
power of the log-odds coefficient
(http://www.ats.ucla.edu/stat/stata
/faq/oratio.htm).
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sional development by demonstrating that peer interactions are
also an important part of physician learning. Although we controlled for the hours spent in CME courses in this study, the type
of CME course may matter to examination performance, which
would be an interesting area for future research.
Not all potentially relevant variables or controls could be
collected or included in this analysis. For example, we did not
collect detailed data about the type of peers with whom the
respondents regularly interacted. The specific kinds of peer interactions that are beneficial to learning should be explored
in future research. Also, we were unable to control for all of
the factors likely associated with the choice to practice independently; some of these also may have influenced examination performance. However, our inclusion of the initial qualifying examination score is a rigorous control for many of these
factors. Last, many of the study measures were self-reported,
and results should be interpreted with this in mind. However, the outcome variable was an objective performance measure that has practical, clinical, and policy implications.

ARTICLE INFORMATION
Accepted for Publication: December 19, 2013.
Published Online: May 28, 2014.
doi:10.1001/jamasurg.2014.183.
Author Contributions: Drs Valentine and Barsade
had full access to all the data in the study and take
responsibility for the integrity of the data and the
accuracy of the data analysis.
Study concept and design: Valentine, Barsade, Gal,
Rhodes.
Acquisition, analysis, or interpretation of data: All
authors.
Drafting of the manuscript: Valentine, Barsade,
Edmondson, Rhodes.
Critical revision of the manuscript for important
intellectual content: All authors.
Statistical analysis: Valentine, Barsade, Edmondson,
Gal, Rhodes.
Administrative, technical, or material support:
Barsade, Rhodes.
Study supervision: Barsade, Edmondson.
Conflict of Interest Disclosures: Dr Rhodes is an
employee of the American Board of Surgery. No
other disclosures were reported.
REFERENCES
1. Holmboe ES, Lipner R, Greiner A. Assessing
quality of care: knowledge matters. JAMA. 2008;
299(3):338-340.
2. Pham HH, Schrag D, Hargraves JL, Bach PB.
Delivery of preventive services to older adults by
primary care physicians. JAMA. 2005;294(4):473481.
3. Bach PB, Pham HH, Schrag D, Tate RC, Hargraves
JL. Primary care physicians who treat blacks and
whites. N Engl J Med. 2004;351(6):575-584.
4. Brennan TA, Horwitz RI, Duffy FD, Cassel CK,
Goode LD, Lipner RS. The role of physician specialty
board certification status in the quality movement.
JAMA. 2004;292(9):1038-1043.
5. Silber JH, Kennedy SK, Even-Shoshan O, et al.
Anesthesiologist board certification and patient
outcomes. Anesthesiology. 2002;96(5):1044-1052.

E6

Because this analysis used a cross-sectional sample of convenience, it cannot resolve the causal relationships among solo
practice, peer interaction, and examination performance. The
moderation analysis provides suggestive evidence that the relationship between solo practice and poor examination performance can be explained in part by a lack of peer interaction. Awareness of this relationship may provide clinicians,
medical educators, and policy makers the opportunity to encourage and support regular interactions and discussions with
peers for all practicing physicians.

Conclusions
Physicians in solo practice had poorer MOCEX performance.
However, solo practitioners who reported high levels of peer
interaction performed as well as group practitioners. Peer
interaction is important for professional learning and quality care.

6. Norcini J, Lipner R, Kimball H. The certification
status of generalist physicians and the mortality of
their patients after acute myocardial infarction.
Acad Med. 2001;76(10)(suppl):S21-S23.
7. Norcini JJ, Boulet JR, Dauphinee WD, Opalek A,
Krantz ID, Anderson ST. Evaluating the quality of
care provided by graduates of international medical
schools. Health Aff (Millwood). 2010;29(8):14611468.
8. Sharp LK, Bashook PG, Lipsky MS, Horowitz SD,
Miller SH. Specialty board certification and clinical
outcomes: the missing link. Acad Med. 2002;77(6):
534-542.
9. Papadakis MA, Arnold GK, Blank LL, Holmboe
ES, Lipner RS. Performance during internal
medicine residency training and subsequent
disciplinary action by state licensing boards. Ann
Intern Med. 2008;148(11):869-876.
10. Morrison J, Wickersham P. Physicians
disciplined by a state medical board. JAMA. 1998;
279(23):1889-1893.
11. Kohatsu ND, Gould D, Ross LK, Fox PJ.
Characteristics associated with physician discipline:
a case-control study. Arch Intern Med. 2004;164(6):
653-658.
12. Holmboe ES, Wang Y, Meehan TP, et al.
Association between maintenance of certification
examination scores and quality of care for Medicare
beneficiaries. Arch Intern Med. 2008;168(13):13961403.
13. Hess BJ, Weng W, Holmboe ES, Lipner RS. The
association between physicians’ cognitive skills and
quality of diabetes care. Acad Med. 2012;87(2):157163.
14. Turchin A, Shubina M, Chodos AH, Einbinder JS,
Pendergrass ML. Effect of board certification on
antihypertensive treatment intensification in
patients with diabetes mellitus. Circulation. 2008;
117(5):623-628.
15. Davis D, O’Brien MA, Freemantle N, Wolf FM,
Mazmanian P, Taylor-Vaisey A. Impact of formal
continuing medical education: do conferences,
workshops, rounds, and other traditional
continuing education activities change physician

behavior or health care outcomes? JAMA. 1999;282
(9):867-874.
16. Davis DA, Thomson MA, Oxman AD, Haynes
RB. Changing physician performance: a systematic
review of the effect of continuing medical
education strategies. JAMA. 1995;274(9):700-705.
17. Schmidt HG, Boshuizen HPA. On acquiring
expertise in medicine. Educ Psychol Rev. 1993;5(3):
205-221.
18. Reagans R, Argote L, Brooks D. Individual
experience and experience working together:
predicting learning rates from knowing who knows
what and knowing how to work together. Manage
Sci. 2005;51(6):869-881.
19. Eraut M. Non-formal learning and tacit
knowledge in professional work. Br J Educ Psychol.
2000;70(pt 1):113-136.
20. Eraut M. Learning from other people in the
workplace. Oxf Rev Educ. 2007;33(4):403-422.
21. Eraut M. Informal learning in the workplace.
Stud Contin Educ. 2004;26(2):247-273.
22. Warren Little J. Locating learning in teachers’
communities of practice: opening up problems of
analysis in records of everyday work. Teach Teach
Educ. 2002;18(8):917-946.
23. Wilson SM, Berne J. Teacher learning and the
acquisition of professional knowledge: an
examination of research on contemporary
professional development. Rev Res Educ. 1999;24
(1):173-209.
24. Levin LC. Preliminary reflections on the
professional development of solo and small law
firm practitioners. Fordham Law Rev. 2001;70(3):
847-900.
25. Carlin J. Lawyers On Their Own. New Brunswick, NJ: Rutgers University Press; 1962.
26. Wong S-S. Distal and local group learning:
performance trade-offs and tensions. Org Sci.
2004;15(6):645-656.
27. Ahuja MK, Galletta DF, Carley KM. Individual
centrality and performance in virtual R&D groups:
an empirical study. Manage Sci. 2003;49(1):21-38.

JAMA Surgery Published online May 28, 2014

Copyright 2014 American Medical Association. All rights reserved.

jamasurgery.com

Maintenance of Certification Examinations

28. Hirst G, Van Knippenberg D, Zhou J. A
cross-level perspective on employee creativity: goal
orientation, team learning behavior, and individual
creativity. Acad Manage J. 2009;52(2):280-293.
29. Gagliardi AR, Wright FC, Anderson MAB, Davis
D. The role of collegial interaction in continuing
professional development. J Contin Educ Health
Prof. 2007;27(4):214-219.
30. Ebell MH, Shaughnessy A. Information
mastery: integrating continuing medical education
with the information needs of clinicians. J Contin
Educ Health Prof. 2003;23(1)(suppl 1):S53-S62.
31. Curley SP, Connelly DP, Rich EC. Physicians’ use
of medical knowledge resources: preliminary
theoretical framework and findings. Med Decis
Making. 1990;10(4):231-241.
32. Marshall JC. Surgical decision-making:
integrating evidence, inference, and experience.
Surg Clin North Am. 2006;86(1):201-215, xii.
33. Maier RV. What the surgeon of tomorrow needs
to know about evidence-based surgery. Arch Surg.
2006;141(3):317-323.
34. Lipner R, Song H, Biester T, Rhodes R. Factors
that influence general internists’ and surgeons’
performance on maintenance of certification
exams. Acad Med. 2011;86(1):53-58.
35. Accreditation Council for Graduate Medical
Education. Implementing milestones and clinical
competency committees. April 24, 2013. http:
//www.acgme.org/acgmeweb/portals/0/pdfs
/acgmemilestones-ccc-assesmentwebinar.pdf.
Accessed April 16, 2014.

jamasurgery.com

Original Investigation Research

36. Nussbaum MS. Invited lecture: American Board
of Surgery maintenance of certification explained.
Am J Surg. 2008;195(3):284-287.
37. Jick TD. Mixing qualitative and quantitative
methods: triangulation in action. Adm Sci Q. 1979;
24(4):602-611.
38. Edmondson AC, McManus SE. Methodological
fit in management field research. Acad Manage Rev.
2007;32:1155-1179.
39. Valentine MA, Nembhard IM, Edmondson AC.
Measuring teamwork in health care settings:
a review of survey instruments [published online
March 20, 2013]. Med Care. doi:10.1097/MLR
.0b013e31827feef6.

45. American College of Surgeons/Health Policy
Research. The surgical workforce in the United
States: profiles and recent trends. April 2010. http:
//www.acshpri.org/documents/ACSHPRI_Surgical
_Workforce_in_US_apr2010.pdf. Accessed September
2012.
46. Collins J. Lifelong learning in the 21st century
and beyond. Radiographics. 2009;29(2):613-622.
47. Doximity: the professional network for
physicians. 2012. https://www.doximity.com/.
Accessed September 2012.
48. Table GR. Practicing better medicine together.
2012. http://grandroundtable.com/. Accessed
September 2012.

40. Cronbach LJ. Coefficient alpha and the internal
structure of tests. Psychometrika. 1951;16(3):297334.

49. Mazmanian PE, Davis DA. Continuing medical
education and the physician as a learner: guide to
the evidence. JAMA. 2002;288(9):1057-1060.

41. Lance CE, Butts MM, Michels LC. The sources of
four commonly reported cutoff criteria: what did
they really say? Organ Res Methods. 2006;9(2):
202-220.

50. Soumerai SB, Avorn J. Principles of educational
outreach (“academic detailing”) to improve clinical
decision making. JAMA. 1990;263(4):549-556.

42. Nunnally JC. Psychometric Theory. 2nd ed. New
York, NY: McGraw-Hill; 1976.
43. Poley S, Newkirk V, Thompson K, Ricketts T.
Independent practice becoming increasingly rare
among surgeons. Bull Am Coll Surg. 2011;96(3):4041.
44. Valentine RJ, Jones A, Biester TW, Cogbill TH,
Borman KR, Rhodes RS. General surgery workloads
and practice patterns in the United States, 2007 to
2009: a 10-year update from the American Board
of Surgery. Ann Surg. 2011;254(3):520-526.

51. Simon SR, Majumdar SR, Prosser LA, et al.
Group versus individual academic detailing to
improve the use of antihypertensive medications in
primary care: a cluster-randomized controlled trial.
Am J Med. 2005;118(5):521-528.
52. Sargeant J, Curran V, Allen M, Jarvis-Selinger S,
Ho K. Facilitating interpersonal interaction and
learning online: linking theory and practice. J Contin
Educ Health Prof. 2006;26(2):128-136.

JAMA Surgery Published online May 28, 2014

Copyright 2014 American Medical Association. All rights reserved.

E7

